Flavopiridol and trastuzumab synergistically inhibit proliferation of breast cancer cells: association with selective cooperative inhibition of cyclin D1-dependent kinase and Akt signaling pathways.
Cyclin D1 is essential for Neu-induced cell growth and is induced by growth factors through Ras-dependent and Ras-independent signaling pathways (1). Because flavopiridol, a novel flavanoid cyclin-cyclin-dependent kinase inhibitor, may function through Ras-dependent and/or -independent pathways, we hypothesized that treatment of breast cancer cells with inhibitors of Neu signaling and flavopiridol might synergize to inhibit proliferation. Human breast cancer cell lines, which express high levels of endogenous Neu receptor, were treated with the anti-Neu antibody, trastuzumab, together with flavopiridol and subject to MTT assay. Cell lines were assayed for alterations in cell cycle by fluorescence-activated cell sorter and signaling proteins by Western blot. Flavopiridol and trastuzumab synergistically inhibited DNA synthesis, cellular proliferation, and contact-dependent growth. Cytotoxic synergy was observed independent of the sequence of addition of the two drugs to cultured cells. In SKBR3 cells, a combination of trastuzumab and flavopiridol inhibited the Ras-MAPK-Akt pathway, decreased cyclin D1 abundance, and kinase activity to a greater extent than either drug alone. Compared with single-agent treatment, combination treatment selectively inhibited Akt and pRB phosphorylation. Cytotoxic synergy was observed with flavopiridol plus LY294002 (selective phosphatidylinositol 3-kinase inhibitor) but not with PD98059 (selective mitogen-activated protein kinase kinase 1 inhibitor) suggesting that Akt inhibition may be important in synergy. Zinc-induced overexpression of cyclin D1 in T-47D deltaMTcycD1 cells were more resistant to drug-induced cell death when compared with vector-transfected T-47D deltaMT cells. Cyclin D1 overexpression reverses drug treatment induced cell cycle arrest in SKBR3 cells. Flavopiridol and trastuzumab yield cytotoxic synergy in human breast cancer cells overexpressing Neu. Cyclin D1 overexpression results in combination drug resistance. In addition, inhibition of Akt may prove to be a useful therapeutic strategy in combination with flavopiridol.